In extended areas in the Eleias Prefecture, Greece Mn in ground waters are well above the upper permissible value of 50 μg/l put for drinking water by the EU. In many cases Mn in ground waters exceeded the value of 3,000 μg/l. The above phenomenon caused a serious problem to the authorities in finding and supplying water of good quality to the population. As a result of this, for some period some villages and towns of Eleias Prefecture were supplied with water, containing higher concentrations of Mn than the permissible value of 50 μg/l. This phenomenon is investigated in relation to a number of parameters.
Introduction
Manganese is a very mobile and usual element in the environment Varnavas, 2004, 2007) being easily transported from one environment to the other and from the solid to the dissolved phase. It is strongly dependent on Eh conditions while pH also plays an important role in its movements. It is easily bioavailable, being easily absorbed by the plants getting into the food chain. Manganese was found to be enriched in leaves of Lycopersicum esculentum at the edge of traffic roads (Kalavrouziotis et al., 2006 (Kalavrouziotis et al., , 2007a (Kalavrouziotis et al., , 2007b Vissikirsky et al., 2008; Varnavas et al., 2012) . Therefore Mn can reach the human body mainly with the food and from drinking water.
High concentrations of Mn in human body can cause Parkinson (Schroeder, 1960; Nath and Kumar, 1987; Merian, 1991; Bush, 2000; Aschner et al., 2009; Santamaria and Sulsky, 2010) . Research carried out by Kondakis et al. (1989) and Leotsinidis and Kondakis (1990) showed an impact of Mn related to the drinking waters on the human bodies.
In order to protect the human health from nervous diseases European Union has put the value of 50 μg/l as an upper permissible concentration for Mn in drinking waters.
The aim of this work is to investigate the variability of Mn levels in drinking waters in Eleias Prefecture, Greece.
Material and methods
For the aim of this work a considerable number of water samples were collected from the Eleias Prefecture. An attempt was made to cover most of the prefecture, particularly those areas where major problems were reported regarding the water quality. Water sampling was carried out from wells, springs, dams etc. Two sub samples were obtained, one for the determination of the hardness and a second one for the Mn and Fe analyses. The later sub sample was acidified with HCl immediately after sampling. The analysis for Mn and Fe was carried out using inductively coupled plasma (ICP). The accuracy of the analysis was checked with appropriate reference material and the precision by analysing duplicate samples.
Results and discussion
The chemical analysis of large number of water samples from SW Peloponnese, Greece showed that large areas are characterised by significant Mn enrichments in both surface and ground waters ( Table 1 ). The Mn concentration levels in many cases, exceed 50 μg/l which is the maximum admissible Mn value in drinking water. The extra ordinary extent of this phenomenon caused serious difficulties in finding drinking water of good quality, as a result of which large towns and a considerable number of villages were supplied with drinking water of high Mn content.
Table 1a
Concentrations of The highest concentrations of Mn in the water samples analysed (3,700 μg/l) are found in the areas of the town Andravida and near the dam at Pinios river ( Figure 1 ). It is of interest to note that around the Pinios dam Mn values in the waters drop very rapidly, varying between 50 μg/l and 100 μg/l, whereas at the town of Andravida Mn remains high at a long distance from the town. Therefore, a large area around this town is characterised by high Mn values in drinking and irrigation waters (100 μg/l-3,500 μg/l). Elevated Mn values in the drinking and irrigation waters above the admissible by EU value, are also found at two zones, one formed by the villages Korakohori and Hanakia and the other by the villages Lantzoi and Varvasaena.
In other areas such as the near -shore area of Killini and at Marathias and Douneika region the Mn values are within the admissible values. An exception to this is the village of Kastro. In a zone defined by the villages Dafni, Havari, Dafniotissa and in an elongated zone which includes the villages Neraida, Helidoni, Pelopio, Smila and Strefi Mn values remain within the admissible limits. The aqua horizons in the area investigated consist mainly of fine sand and sandstones, encountered between marl horizons, some of which have a brown colour. Interestingly, it was found that in the Andravida region, where marked Mn environments are observed in the ground waters, the brown marl forms thick layers above the aqua sandy horizons. It is therefore suggested that the main sources of Mn in the Eleias Prefecture ground waters are the geological formations of the region, being rich in Mn. It has been demonstrated that these manganese enrichments are expressed in the soil composition of the Eleias Prefecture (Demetriades, 2003) . In all areas investigated Mn shows a positive correlation with Fe (Table 2 ). This is observed in areas where the ground waters are rich both in Mn and Fe, or in one of the two metals. However, it is interesting to note that in a large zone defined with stations 9, 2, 29, 50 and 60 Fe shows high concentrations in the waters whereas Mn remains low (Fig 2) . It is therefore concluded that in this area there has been a fractionation between Mn and Fe. This is related to the variability of Eh conditions. Even at slight reducing environment, Mn is reduced to Mn 2+ , whereas Fe 3+ requires lower Eh conditions in order to transform to Fe 2+ . These processes took place probably during sedimentation and determined the concentration levels of Mn and Fe in the sediments of the aqua horizon. 
Β
In areas with Fe enrichments in the ground waters the sediments of the aquifer are enriched in organic materials. It is therefore concluded that the presence of organic material leads to lower Eh conditions, facilitating the transfer of Fe 3+ (solid phase as Fe 2 O 3 ) to Fe 2+ (dissolved phase). Except for the zones with the high concentrating of Mn in the waters, in the Eleias Prefecture there is a zone with enrichment both in Fe and Mn. Interestingly, the waters of both zones are characterised by low hardness (≤ ten German units) (Figure 3) .
Iron in all areas investigated shows a positive correlation with hardness. By contrast Mn shows positive correlation with hardness only in areas with low hardness. In area with high hardness Mn shows a negative correlation with hardness. 
Conclusions
1 In the Eleias Prefecture Mn in ground waters was found to be well above the upper permissible value of 50 μg/l (put for drinking water by EU) in extended areas.
2 Manganese in the waters studied reached the the value of 3,700 μg/l.
3 The above phenomenon caused a serious problem to the authorities in finding and supplying water of good quality to the population.
